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Abstract Background Clinical complexity is common in atrial fibrillation (AF) patients. We
assessed the impact of clinical complexity on oral anticoagulant (OAC) treatment
patterns and major adverse outcomes in a contemporary cohort of AF patients.
Methods The GLORIA-AF Phase II and III Registry enrolled newly diagnosed AF patients
with at least one stroke risk factor. Among patients with CHA2DS2-VASc score �2, we
defined four domains of perceived clinical complexity: frail elderly (age�75 years and body
mass index <23kg/m2), chronic kidney disease (CKD, creatinine clearance <60mL/min),
history of bleeding, and those with �2 of the above conditions. We evaluated the
associations between clinical complexity domains and antithrombotic treatment prescrip-
tion, risk of OAC discontinuation, and major adverse outcomes.
Results Among the 29,625 patients included (mean age 69.6� 10.7 years, 44.2%
females), 9,504 (32.1%) presented with at least one complexity criterion. Clinical
complexity was associated with lower OAC prescription, with stronger associations in
frail elderly (odds ratio [OR]: 0.47, 95% confidence interval [CI]: 0.36–0.62) and those
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Introduction

The prevalence and incidence of atrial fibrillation (AF) are
increasing and are projected to rise significantly over the
next decades, especially in the elderly1,2; consistently, the
number of individuals at high thromboembolic risk who
need treatment with oral anticoagulants (OACs) for effective
stroke prevention is continuously rising. Since their intro-
duction, the non-vitamin K antagonist OACs (NOACs; also
referred to as direct OACs) represented a safer and effective
alternative to vitamin K antagonist (VKA) for stroke preven-
tion in AF patients,3 and this was reflected by the increasing
uptake of NOACs in clinical practice.4–7

However, OAC undertreatment remains a concern in AF
patients,8,9 being also associated with worse outcomes,10

especially in high-risk patients. Indeed, with the progressive
aging of the AF population, a significant proportion of
patients are burdened by concomitant comorbidities and
conditions that increase both thromboembolic and bleeding
risks, entailing the so-called “clinical complexity” that influ-
ences treatment choices and poses significant challenges in
the management of AF.11 Frailty, chronic kidney disease
(CKD), and history of bleeding represent three of the most
common conditions that are known to increase the risk of
adverse outcomes (including bleeding) in AF patients,12–16

with �2 complexity domains (OR: 0.50, 95% CI: 0.44–0.57). Risk of OAC discontinua-
tion was higher among frail elderly (hazard ratio [HR]: 1.30, 95% CI: 1.00–1.69), CKD
(HR: 1.10, 95% CI: 1.02–1.20), and those with �2 complexity domains (HR: 1.39, 95%
CI: 1.23–1.57). Clinical complexity was associated with higher risk of the primary
outcome of all-cause death, thromboembolism, and major bleeding, with the highest
magnitude in those with �2 criteria (HR: 1.63, 95% CI: 1.43–1.86).
Conclusion In AF patients, clinical complexity influences OAC treatment manage-
ment, and increases the risk of poor clinical outcomes. These patients require
additional efforts, such as integrated care approach, to improve their management
and prognosis.
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and are often perceived as major barriers to OAC prescrip-
tion.17 Furthermore, these conditions often coexist, leading
to further challenges in the management of these patients.

Given the need for appropriate stroke prevention, as
recommended by international guidelines,18,19 and the con-
comitant high risk for hemorrhagic events, these patients
currently present a significant unmet need for safe anti-
coagulation and thromboembolic risk prevention.

In this analysis, we used data from the phases II and III of
the Global Registry on Long-Term Oral Anti-thrombotic
Treatment in Patients with Atrial Fibrillation (GLORIA-AF)
to analyze the following: (1) the prevalence of perceived
clinical complexity domains (as defined by either frail elder-
ly, CKD, history of bleeding, and their combination); (2)
patterns of OAC prescription and discontinuation across
different groups of clinically complex patients; and (3)
association of clinical complexity with major adverse
outcomes.

Methods

The GLORIA-AF is a global, multicenter prospective registry
structured in three phases, which aims to evaluate the long-
term safety and effectiveness of dabigatran in real-world
patients with AF. Complete details on the design of the
GLORIA-AF study have been previously reported,20,21 as well
as the primary papers comparing dabigatran versus VKA and
other NOACs.22,23 Briefly, patients with new-onset nonvalvu-
lar AF and CHA2DS2-VASc score �1 were consecutively en-
rolled between 2011 and 2016 (2011–2014 for phase II, and
2014–2016 for phase III). Patients enrolled in phase II who
initiated dabigatran were prospectively followed up for 2
years, while all patients enrolled in phase III (irrespective of
the antithrombotic treatment) were followed up for 3 years.

Inclusion Criteria and Procedures
Full details on inclusion and exclusion criteria were de-
scribed elsewhere.23 Patients aged 18 years or older, with
a recent diagnosis of AF (<3months, except in Latin America
where <4.5 months cut-off was used) and a CHA2DS2-VASc
score �1, who provided written informed consent were
considered eligible for inclusion. The protocol of the study
was approved by the European Medicines Agency, and the
study was conducted in accordance with the principles of
Good Clinical Practice and the Declaration of Helsinki. Local
institutional review boards gave ethical approval at each
participating site.

At baseline, data on age, sex, type of AF (either paroxysmal,
persistent, or permanent), comorbidities, and CHA2DS2-VASc
and HAS-BLED risk scores were collected, along with data on
symptoms (according to the European Heart Rhythm Associa-
tion classification) and concurrent medications received.

For the purpose of this analysis, we included only patients
with complete data on the clinical complexity domains
evaluated (frail elderly, history of bleeding, CKD).

Clinical Complexity Domains Definition
Wedefined fourmaindomainsofperceivedclinical complexity:

• Frail elderly: patients with CHA2DS2-VASc �2, age �75
years, and bodymass index (BMI)<23kg/m2, consistently
with a previous BMI cut-off identified in the elderly.24

• History of bleeding: patients with CHA2DS2-VASc �2 and
previous history of bleeding, as reported in the case report
form by the investigators.

• CKD: patients with CHA2DS2-VASc �2 and a creatinine
clearance (calculated according to the Cockcroft–Gault
formula) <60mL/min.

• Two or more domains: patients who presented with two
or three of the above-defined complexity domains.

Each subject was included in only one of the clinical
complexity groups (e.g., a patient with both CKD and history
of bleeding was included only in the “Two or more domains”
group). The remaining patients, not having any of the com-
plexity domain defined above, were classified according to
the CHA2DS2-VASc score (either �2 or <2). Reference group
for all the analyses was composed of patients with CHA2DS2-
VASc score of �2, without any complexity criteria.

Follow-Up, Persistence, and Major Adverse Outcomes
Detailsonfollow-upandoutcomesforphase IIandphase IIIwere
reported elsewhere.23,25During follow-up, data regarding treat-
ment discontinuation and major adverse outcomes were col-
lected, until study withdrawal, death, or end of study.
Nonpersistence was defined as either discontinuation or study
termination. Discontinuationwas defined as either switching to
another antithrombotic regimen (including switching to a dif-
ferentOAC) or interruption of the treatment received at baseline
for 30 days or more (to exclude temporary interruptions due to
invasive procedures or surgery). Dose adjustments were not
considered as discontinuation events. For the purpose of our
analysis, we only evaluated discontinuation for patients who
were prescribed with OAC (either VKA or NOAC) at baseline.

We also evaluated the risk of major adverse outcomes
according to the clinical complexity domains.We defined our
primary outcome as the net clinical outcome of all-cause
death, thromboembolism (including stroke, transient ische-
mic attack [TIA], and extracranial thromboembolism) and
major bleeding (defined according to the International Soci-
ety of Thrombosis and Haemostasis classification, i.e., a
bleeding associated with a reduction in hemoglobin of at
least 20 g/L or leading to at least 2 units of blood or packed
cells transfusion, or a symptomatic bleeding in a critical
organ, or life-threatening/fatal bleeding). As secondary out-
comes, we also investigated the composite of all-cause death
and major adverse cardiovascular events (MACE, defined as
the composite of cardiovascular death, stroke, and myocar-
dial infarction), as well as all-cause death, cardiovascular
death, MACEs, thromboembolism, and major bleeding.

Statistical Analysis
Baseline characteristics were reported asmean and standard
deviation ormedianand interquartile range (IQR] fornormally
and nonnormally distributed continuous variables, and
compared respectively with parametric and nonparametric
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tests. Categorical variables were reported using frequencies
and percentages and were compared using a chi-square test.

Logistic regression analyses were used to evaluate the
association between clinical complexity domains and pre-
scription of OAC, while multivariable Cox-regression analy-
ses were performed to evaluate the association between
clinical complexity and OAC discontinuation; results were
reported as odds ratio (OR) and 95% confidence intervals
(CIs), and hazard ratio (HR) and 95% CI, respectively.

For each analysis, three models were evaluated: model 1
was adjusted for age, sex and type of AF;model 2was adjusted
for the same variables included in model 1 plus the CHA2DS2-
VASc score; model 3 was adjusted for the same variables
included in model 1 plus hypertension, diabetes mellitus,
coronary artery disease, heart failure, history of stroke/TIA,
and peripheral artery disease. Model 3 was considered as the
final primary model of the analysis.

The association between clinical complexity domains and
the risk of major outcomes was evaluated using a multivari-
able Cox-regression analysis adjusted for age, sex, type of AF,
use of OAC, and baseline comorbidities (hypertension, dia-
betes mellitus, coronary artery disease, heart failure, periph-
eral artery disease, and history of stroke/TIA). A sensitivity
analysis was also performed, adjusting the model for
CHA2DS2-VASc instead of baseline comorbidities. Survival
curves were used to represent cumulative hazard of patients
for the primary net clinical outcome, and survival distribu-
tions were compared using a log-rank test.

A two-sided p <0.05 was considered statistically signifi-
cant. All the analyses were performed using R 4.0.3 (R Core
Team 2020, Vienna, Austria).

Results

From the 36,617 patients originally enrolled in the GLORIA-
AF Phase II and III Registry, 29,625 (80.9%; mean age
69.6�10.7 years, 44.2% females) with complete data on
clinical complexity domain were included in this analysis.
Of these, 2,152 (7.3%) had two or more complexity criteria;
342 (1.2%) were frail elderly; 6,062 (20.5%) had CKD; and 948
(3.2%) had history of bleeding. Finally, 14,920 (50.4%)
patients had a CHA2DS2-VASc score of �2 without any other
complexity criteria, and 5,201 (17.6%) had a CHA2DS2-VASc
score <2. A graphical representation of the complexity
criteria distribution is reported in ►Supplementary Fig. S1

(available in the online version), while baseline character-
istics according to the clinical complexity group are reported
in ►Table 1. Patients with at least one complexity criterion
were older, more likely affected by comorbidities and throm-
boembolic risk factors, and presented with higher median
CHA2DS2-VASc and HAS-BLED scores, compared to those
who did not present any of the complexity criteria.

Antithrombotic Prescription Patterns
A graphical representation of the antithrombotic prescrip-
tion patterns according to the complexity domain is reported
in ►Supplementary Fig. S2 (Supplementary Material [avail-
able in the online version]). Compared to patients with a

CHA2DS2-VASc score �2 and without any complexity
criteria, a lower proportion of patients in each complexity
domain was prescribed with NOACs, with the lowest figures
observed for patients with CKD (52.1%); consistently, these
patients most frequently received a VKA (31.6 vs. 26.2%
with a CHA2DS2-VASc score �2 without complexity). Rates
of patients prescribed with antiplatelet drugs or not
receiving any antithrombotics were higher in frail elderly
patients (24.0%), in those with a history of bleeding (19.7%),
and in those with two or more complexity criteria (22.1%),
compared to those with CHA2DS2-VASc �2 without com-
plexity (15.0%) or CKD (16.4%).

The results of the logistic regression showed that all the
complexity domains were associated with a lower odds of
being prescribed with OAC when compared to patients with
a CHA2DS2-VASc score �2 and without complexity, regard-
less of the adjustment performed (►Table 2). In the final
model 3, the lowest odds of OAC prescription were observed
among frail elderly patients (OR: 0.47, 95% CI: 0.36–0.62) and
thosewith two ormore complexity criteria (OR: 0.50, 95% CI:
0.44–0.57).

When we analyzed the probability of receiving NOACs
over VKA in patients who were prescribed OAC at baseline,
patients with CKD (OR: 0.73, 95% CI: 0.67–0.79) and patients
with two ormore complexity criteria (OR: 0.80, 95% CI: 0.71–
0.90) showed lower odds of receiving NOAC, compared to
patients with a CHA2DS2-VASc score �2 and no complexity
criteria (►Table 2).

OAC Persistence and Discontinuation
Among the 24,009 patients prescribed with OAC at baseline,
18,053 (75.2%) had follow-up data on OAC persistence at
follow-up. Rates of OAC discontinuation at 6 months, 1 year,
and 2 years of follow-up among patients who were pre-
scribed OAC at baseline are reported in ►Supplementary

Fig. S3 (Supplementary Material [available in the online
version]). Compared to patients with a CHA2DS2-VASc score
�2 and no complexity, lower rates of OAC persistence were
observed in all complexity domains, and particularly among
those with history of bleeding (2-years persistence: 47.5%),
those frail elderly (46.5%), and those with two or more
complexity criteria (43.7%). When we analyzed data
according to the type of OAC prescribed, we found similar
results for NOAC, while among VKA users the rate of
discontinuation was higher among frail elderly patients
(39.5%) and in those with history of bleeding (36.8%),
compared to patients with a CHA2DS2-VASc score �2
(34.0%) (►Supplementary Fig. S4, Supplementary Material

[available in the online version]).
The results of the Cox-regression analyses for the risk of

OAC discontinuation adjusted for age, sex, type of AF, and
CHA2DS2-VASc score are reported in ►Table 3, with all the
models providing broadly consistent results. In the final
model 3, the risk of OAC discontinuation was significantly
higher in frail elderly patients (HR: 1.30, 95% CI: 1.00–1.69),
those with CKD (HR: 1.10, 95% CI: 1.02–1.20), and in those
with two ormore complexity criteria (HR: 1.39, 95% CI: 1.23–
1.57) compared to patients with a CHA2DS2-VASc score �2
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without complexity features. A similar, nonstatistically sig-
nificant trend was observed also for patients with history of
bleeding (HR: 1.14, 95% CI: 0.96–1.34).

When we analyzed the risk of discontinuation separately
for patients prescribed with NOACs or VKA at baseline, frail
elderly patients showed a trend towards higher risk of VKA
discontinuation. Among NOAC users, patients with at least
two ormore complexity criteria (HR: 1.51, 95% CI: 1.31–1.73)
and those with CKD (HR: 1.11, 95% CI: 1.01–1.23) showed a

higher risk of NOAC discontinuation when compared to
patients with a CHA2DS2-VASc score �2; similarly, nonstat-
istically significant trends were observed for the other
complexity groups (►Table 3).

Risk of Major Adverse Outcomes
Overall, 21,090 patients (71.2%) with complete follow-up on
the primary composite outcome were evaluated for the risk
of adverse events. No significant differences in terms of age,

Table 2 Association between clinical complexity domains and OAC prescription

Clinical complexity domain

CHA2DS2-VASc �2a

(n¼ 14,920)
CHA2DS2-VASc <2
(n¼ 5,201)

CKD (n¼ 6,062) Frail elderly
(n¼ 342)

History of bleeding
(n¼ 948)

Two or more criteria
(n¼ 2,152)

OAC prescription, OR (95% CI)

Model 1 Ref. 0.46 (0.42–0.50) 0.77 (0.70–0.84) 0.47 (0.36–0.61) 0.69 (0.58–0.82) 0.48 (0.43–0.55)

Model 2 Ref. 0.43 (0.39–0.47) 0.78 (0.71–0.86) 0.48 (0.37–0.62) 0.70 (0.59–0.83) 0.49 (0.44–0.56)

Model 3 Ref. 0.45 (0.41–0.49) 0.80 (0.73–0.87) 0.47 (0.36–0.62) 0.70 (0.59–0.83) 0.50 (0.44–0.57)

NOAC vs. VKA prescriptionb, OR (95% CI)

Model 1 Ref. 1.02 (0.93–1.12) 0.71 (0.66–0.77) 0.94 (0.72–1.23) 0.95 (0.81–1.11) 0.79 (0.70–0.88)

Model 2 Ref. 0.95 (0.86–1.05) 0.72 (0.67–0.78) 0.94 (0.72–1.23) 0.95 (0.82–1.12) 0.80 (0.71–0.90)

Model 3 Ref. 0.97 (0.87–1.07) 0.73 (0.67–0.79) 0.91 (0.69–1.19) 0.97 (0.83–1.15) 0.80 (0.71–0.90)

Abbreviations: CI, confidence intervals; CKD, chronic kidney disease; NOAC, non-vitamin K antagonist oral anticoagulant; OR, odds ratio; VKA,
vitamin K antagonist.
Note: Model 1¼ adjusted for age, sex and type of AF; Model 2¼ adjusted for variables in model 1 and CHA2DS2-VASc score; Model 3¼ adjusted for
variables in model 1 and hypertension, diabetes, coronary artery disease, congestive heart failure, history of stroke/transient ischemic attack, and
peripheral artery disease. Bold values depict results significant at a p<0.05 level.
aPatients with CHA2DS2-VASc �2 and without any other complexity criteria.
bAmong patients prescribed with OAC at baseline.

Table 3 Association between clinical complexity domains and OAC discontinuation

Clinical complexity domain

CHA2DS2-VASc �2a

(n¼ 9,705)
CHA2DS2-VASc <2
(n¼ 2,730)

CKD (n¼ 3,660) Frail elderly
(n¼202)

History of bleeding
(n¼ 564)

Two or more criteria
(n¼ 1,192)

OAC discontinuation, HR (95% CI)

Model 1 Ref. 1.43 (1.31–1.55) 1.11 (1.02–1.20) 1.27 (0.98–1.64) 1.16 (0.99–1.36) 1.40 (1.24–1.57)

Model 2 Ref. 1.40 (1.28–1.54) 1.11 (1.03–1.21) 1.27 (0.98–1.64) 1.16 (0.99–1.36) 1.40 (1.25–1.58)

Model 3 Ref. 1.45 (1.32–1.59) 1.10 (1.02–1.20) 1.30 (1.00–1.69) 1.14 (0.96–1.34) 1.39 (1.23–1.57)

VKA discontinuation, HR (95% CI)

Model 1 Ref. 1.14 (0.96–1.35) 0.99 (0.85–1.15) 1.25 (0.74–2.09) 1.15 (0.83–1.58) 1.08 (0.85–1.37)

Model 2 Ref. 1.13 (0.93–1.37) 0.99 (0.85–1.16) 1.25 (0.74–2.09) 1.15 (0.83–1.58) 1.08 (0.85–1.37)

Model 3 Ref. 1.09 (0.90–1.32) 1.02 (0.88–1.20) 1.30 (0.77–2.19) 0.98 (0.68–1.41) 1.06 (0.83–1.35)

NOAC discontinuation, HR (95% CI)

Model 1 Ref. 1.53 (1.39–1.68) 1.13 (1.02–1.24) 1.28 (0.95–1.72) 1.18 (0.98–1.41) 1.50 (1.31–1.72)

Model 2 Ref. 1.49 (1.34–1.66) 1.13 (1.03–1.25) 1.28 (0.95–1.72) 1.18 (0.98–1.42) 1.51 (1.32–1.73)

Model 3 Ref. 1.57 (1.41–1.75) 1.11 (1.01–1.23) 1.29 (0.96–1.75) 1.19 (0.99–1.43) 1.51 (1.31–1.73)

Abbreviations: CI, confidence intervals; CKD, chronic kidney disease; HR, hazard ratio; NOAC, non-vitamin K antagonist oral anticoagulant; VKA,
vitamin K antagonist.
Note: Model 1¼ adjusted for age, sex and type of AF; Model 2¼ adjusted for variables in model 1 and CHA2DS2-VASc score; Model 3¼ adjusted for
variables in model 1 and hypertension, diabetes, coronary artery disease, congestive heart failure, history of stroke/transient ischemic attack, and
peripheral artery disease. Bold values depict results significant at a p<0.05 level.
aPatients with CHA2DS2-VASc �2 and without any other complexity criteria.
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sex, and median CHA2DS2-VASc scores were observed be-
tween patients included and excluded from the longitudinal
survival analysis.

During a median follow-up of 36.2 (IQR: 26.3–37.6)
months, a total of 2,722 primary composite events occurred.
Survival curves for the cumulative incidence of primary
outcome according to clinical complexity domains are
reported in ►Fig. 1, while the results of the analysis on the
risk of major adverse outcomes are reported in ►Table 4.

The risk of the primary net clinical outcome of all-cause
death, thromboembolism, and major bleeding was signifi-
cantly increased across all the complexity groups except for
frail elderly, with the highest magnitude observed among
those with at least two complexity criteria (HR: 1.63, 95% CI
1.43–1.86). The analysis of secondary outcomes showed that
those with two or more complexity criteria were at higher
risk of all the outcomes investigated. Patients with CKD
showed a significant higher risk of MACE, all-cause death,
cardiovascular death, and thromboembolism, while patients
with previous bleeding showed an increased risk of major
bleeding events (HR: 1.80, 95% CI: 1.27–2.56). Consistent
results were observed in the sensitivity analysis adjusted
for CHA2DS2-VASc score instead of baseline comorbi-
dities (►Supplementary Table S1, Supplementary Material

[available in the online version]) and when restricting the
analysis among those treated with OAC at baseline

(►Supplementary Table S2, Supplementary Material [avail-
able in the online version]).

Discussion

In this retrospective analysis from a large, global cohort of
newly diagnosed AF patients, our principal findings are as
follows: (1) clinical complexity (as encompassed by frail
elderly, CKD, history of bleeding, or the combinations of
two or more of these conditions) is common among AF
patients, being found in up to 32% of subjects included in
this study; (2) clinical complexity domains influence treat-
ment patterns, reducing the odds for OAC prescription, and
also impacting the choice between NOACs and VKA; (3) OAC
persistence is heterogeneously impacted by clinical com-
plexity,with frail elderly, thosewith CKD, and thosewith two
or more complexity criteria being at higher risk for OAC
discontinuation; and (4) the risk of major outcomes is
increased in clinically complex patients, with the highest
magnitude observed in those who present two or more
complexity criteria (Visual Summary).

Over the last decades, an increase in the burden of
comorbidities and risk factors has been witnessed among
AF patients,who are also becomingolder with an overall high
risk of thromboembolism and major adverse events.26 Most
often, clinical conditions do not occur isolated, but coexist in
AF patients, leading to an unpredictable interplay and syn-
ergistic detrimental effects on patient prognosis and out-
comes. These patients, who are often referred to as “clinically
complex,” need effective and safe anticoagulation to tackle
thromboembolic risk; however, some of the conditions
which are often found in these individuals are among the
most important barriers to the implementation of OAC, due
to the perceived high risk of bleeding.27

In this study, we found that up to 32% of AF patients
present both high thromboembolic risk (as encompassed by
a CHA2DS2-VASc score �2) and at least one condition that
entails clinical complexity among CKD, frail elderly, and
history of bleeding, with one-third of them presenting
with a combination of two or more. Furthermore, these
patients showed lower rates of OAC prescription and higher
rates of discontinuation. Thiswas particularly evident among
those with two or more conditions: compared to patients
with CHA2DS2-VASc score �2 and without any complexity
feature, they showed a 50% lower odds of receiving OAC, and
a 39% higher risk of discontinuing OAC during follow-up.
Nevertheless, our study also showed that clinically complex
AF patients have a poor prognosis, especially when the
burden of clinical complexity is increased. The evidence
provided is further strengthened by the observation of
consistent results, irrespective of the model used to adjust
the regression analyses. This further underlines the indepen-
dent impact of complexity features in influencing the clinical
history of AF patients.

Taken together, these findings suggest that the overall
management of clinical complexity in AF patients is largely
unsatisfactory and needs further improvements. Indeed,
despite the introduction of NOACs, there is still a significant

Fig. 1 Survival curves for the primary outcome of all-cause death,
thromboembolism, and major bleeding according to clinical com-
plexity domains. CKD, chronic kidney disease.
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proportion of AF patients who are untreated and, evenwhen
prescribed with OAC, show a greater susceptibility to dis-
continue anticoagulation during follow-up. Consistently, we
found that those with a higher burden of clinical complexity
are at a higher riskof both suboptimal treatment and adverse
outcomes, underlining how these patients currently present
a critical unmet need and are not experiencing sufficient
improvements in their management and prognosis.

Our results have important clinical implications. First, we
found that clinical complexity entails a heterogeneous spec-
trum of medical conditions that are often closely inter-
twined. Indeed, more than 80% of elderly frail patients
included in this analysis presented with at least another
complexity criteria, underlining how complexity does not
occur alonebutmore likely reflect thebuild-up of several risk
factors and conditions. Second, we showed how clinical
complexity is closely associated with significant undertreat-
ment and lower persistence of OAC in clinical practice, which
were only partially improved by the introduction of NOACs in
clinical practice.28 These data are in line with previous
evidence that showed how frail patients are less likely to
receive appropriate anticoagulation,29,30 with little changes
after the introduction of NOACs.29 Renal disease has been
also described as a main driver of OAC underuse as well as
major outcomes among AF patients,31,32 and history of
bleeding represent a common concern when prescribing
antithrombotic. Undertreatment and lower persistence,
therefore, may reflect the lack of data regarding safety of
anticoagulants in frail complex patients,33,34 which were
consistently under-represented in randomized controlled
trials, even if NOACs have already been proved to be a safer
alternative compared to VKA.3

On the other hand, we show how clinical complexity can
impact prognosis, although with some differences among
different domains, and how the concurrence of more than
one condition can entail a worse prognosis. In fact, while the
observation of an increased risk of adverse outcomes is
consistent with the well-known association between multi-
morbidity and impaired survival in AF patients,35,36 the
combination of different complexity domains showed a
synergistic detrimental effect on the risk of major outcomes,
with thehighest increase in outcomes riskobserved for those
with two or more complexity criteria. However, our sensi-
tivity analysis showed a consistent risk of adverse events also
among those treated with OAC at baseline, suggesting that
clinically complex patients may need further interventions
to improve prognosis, beyond the antithrombotic risk pre-
vention attained with OAC.

Taken together, our findings lead to several consider-
ations. On one side, there is an urgent need for further
evidence on the efficacy and safety of current antithrombotic
strategies, and research on novel antithrombotic approaches,
in clinically complex patients who may be at higher risk of
both bleeding and thromboembolism. Recently, the ELDER-
CARE-AF randomized controlled trials showed the benefit of
a low-dose edoxaban regimen in elderly Japanese patients
who were deemed inappropriate candidates for OAC treat-
ment at the standard approved dose for thromboembolic

prevention, with reduction in stroke and systemic embolism
without a significant increase in major bleeding, compared
to placebo37; the ongoing FRAIL-AF randomized trial, on the
other side, is comparing the safety of switching to NOAC-
based regimens in the frail AF elderly, and will provide more
answers on the suitability of the existing strategies in this
clinical scenario.38 Furthermore, novel antithrombotic strat-
egies with anti-XIa inhibitors may provide safe anticoagula-
tion options in patients at high bleeding risk.39

On the other side, a more comprehensive and integrated
approach is needed for the management of clinically com-
plexAF patients. Indeed, recent international guidelines have
already advocated for improved characterization and evalu-
ation40 and the implementation of an integrated approach
for the treatment of AF patients.18,19 Specifically, the “Atrial
fibrillation Better Care” (ABC) pathway represents amodel of
such a holistic or integrated care approach to AF patient
management, which includes in the “A” criterion the Anti-
coagulation to avoid stroke and thromboembolism, but
expands further to consider also “B,” better symptom con-
trol, and “C,” cardiovascular and comorbidity optimization.41

This approach has been repeatedly proved effective,42–44 and
its efficacy has also been shown in clinically complex and
multimorbidity patients.45,46

Strengths and Limitations
Our study provides an up-to-date outlook on current pat-
terns of antithrombotic prescription and persistence using
data from a large, multinational cohort of newly diagnosed
AF patients, thus being a solid representation of current
practice in clinically complex patients. The large sample
size from a global registry allows us to study the determi-
nants of clinical complexity, and their interplay in influenc-
ing prescription and persistence of OAC, as well as their
impact on major adverse outcomes.

Nevertheless, our study has some limitations. First, our
definition of frail elderlywas based on surrogatemarkers and
may be incomplete or not completely able to capture the
overall spectrum of frailty of the patients included. Second,
we analyzed three of the most commonly perceived deter-
minants of clinical complexity, although others may also
have a role in influencing treatment patterns and the risk of
outcomes, including socio-economic determinants and other
clinical conditions which we did not analyze. Third, some
patients were excluded from this analysis due to lack of data
necessary to be classified across the complexity domains.
However, the vast majority of the subjects enrolled were
included in the analysis. Finally, although we provided
covariate-adjusted regression analyses to evaluate the im-
pact of clinical complexity on OAC use and risk of outcomes,
we cannot exclude the contribution of unaccounted con-
founders, and therefore caution should be exerted when
interpreting our results.

Conclusion

Clinical complexity is common among AF patients, has a
significant impact on OAC treatment management, and
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increases the risk of clinical outcomes. These patients require
additionalefforts, suchasan integratedcaremodelsandtailored
treatments, to improve their management and prognosis.

What is known about this topic?

• Clinical complexity is commonly found among atrial
fibrillation (AF) patients, with detrimental effects on
quality of care and prognosis.

• Among the determinants of clinical complexity, chron-
ic kidney disease, frail elderly, and history of bleeding
are among those more influential on OAC prescription
and persistence, as well as clinical outcomes.

What does this paper add?

• Clinical complexity is associated with lower OAC pre-
scription, despite the high thromboembolic risk.

• OAC persistence at follow-up is lower in clinically
complex patients, especially in those with two or
more complexity domains.

• The risk of major outcomes, including thromboembo-
lism and major bleeding, was heterogeneously influ-
enced by clinical complexity, with the highest risk
observed in those with multiple complexity features.
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